Screening of a liver tumour cDNA library from Xenopus laevis resulted in the isolation of a full-length cDNA clone encoding a novel Pi-class amphibian glutathione transferase (GST) isoenzyme (designated as XlGSTP1-1). The gene encodes a protein of 212 amino acids with a calculated molecular mass of 24 428 Da. The product of the gene has been overexpressed in Escherichia coli and characterized. XlGSTP1-1 has one of the highest specific activities towards 1-chloro-2,4-dinitrobenzene (1310 µmol/min per mg of protein) obtained with any GST. A notable feature of XlGSTP1-1 is the presence in the H-site of Phe 111 and Pro 208 in place of tyrosine and glycine residues respectively, present in other mammalian Pi-class GSTs. Sitedirected mutagenesis indicate that Phe 111 is involved in substrate specificity of XlGSTP1-1. We provide evidence showing that XlGSTP1-1 is present only in the embryo and its expression might be associated with cellular proliferation.
INTRODUCTION
Glutathione transferase (GST; EC 2.5.1.18) refers to a large group of ubiquitous proteins, which catalyse the nucleophilic attack of GSH on different species of electrophilic compounds [1] [2] [3] . Recent studies [4, 5] have also suggested that certain GST isoenzymes may be involved in the regulation of stress-activated cell signalling pathways through direct physical association with c-Jun N-terminal kinase ('JNK') and apoptosis signalregulating kinase-1 ('APAF-1'). The cytosolic GST activity in mammalian tissues is often due to multiple isoenzymes that are dimers of either identical or structurally different subunits [2, 6] . By analysis of their structural and functional properties, soluble GSTs can be included into at least 12 different classes: Alpha, Beta, Delta, Kappa, Mu, Omega, Phi, Pi, Sigma, Tau, Theta and Zeta (for a review, see [7] ). In comparison with mammalian GSTs, relatively little information is available on amphibian GSTs. Two distinct Pi-class GSTs, named BbGSTP1-1 [8, 9] and BbGSTP2-2 [10, 11] respectively, have been purified and characterized from the common toad (Bufo bufo) in our laboratory. BbGSTP1-1 is expressed at high level in embryo tissues during its early developmental stages [12, 13] . On the contrary, BbGSTP2-2 is essentially expressed in adult toad tissues, including liver and kidney [10] [11] [12] [13] . We have also investigated the expression of GSTs in Xenopus laevis [14] . A new Mu-class GST has been cloned, expressed and characterized previously from this amphibian species [15] . Unlike B. bufo, X. laevis does not apparently express Pi-class GSTs [14] ; however, analysis of the expressed sequence tag (EST) database suggests that a previously uncharacterized Pi-class GST isoform might be encoded by this amphibian species. Screening of a cDNA liver tumour library from X. laevis resulted in the isolation of a cDNA encoding Pi-class GST and its nucleotide sequence has been Abbreviations used: CDNB, 1-chloro-2,4-dinitrobenzene; GST, glutathione transferase; EST, expressed sequence tag; IPTG, isopropyl β-Dthiogalactoside; LB, Luria-Bertani; RT-PCR, reverse transcription-PCR; tPBO, trans-4-phenyl-3-buten-2-one. 1 To whom correspondence should be addressed (e-mail enzymol@dsb.unich.it). The nucleotide sequence reported has been submitted to the DDBJ, EMBL, GenBank R and GSDB Nucleotide Sequence Databases under the accession number AJ489617, and the amino acid sequence has been submitted to the National Center for Biotechnology Information under the accession number CAD33920.
determined. The predicted amino acid sequence of this putative protein is closely related to the amphibian BbGSTP2-2 (57 % identity) and, according to the recommended nomenclature [16] , is designated XlGSTP1-1. The recombinant XlGSTP1-1 has also been characterized and shown to exhibit structural and catalytic properties distinct from those of other amphibian and mammalian Pi-class GSTs. Reverse transcription (RT)-PCR and Western-blot analysis indicate that XlGSTP1-1 is expressed in embryo, but not adult, tissues.
MATERIALS AND METHODS
Identification of a X. laevis partial GST cDNA X. laevis cDNA encoding a partial protein with amino acid sequences related to Pi-class GSTs was identified by a BLAST search of the EST (generated by partial sequencing of random cDNA clones and assignment to gene families based on sequence similarities) database (http://www.ncbi.nlm.nih.gov/BLAST/). The EST clone (GenBank R accession number BG554378) was isolated from a X. laevis embryo (stage 31-32) cDNA library constructed by Life Technologies.
Library screening and cDNA clone isolation
The UNI-ZAP X. laevis liver tumour cDNA library (obtained from Dr G. Bernardini and Dr D. Vigetti, Dipartimento di Biologia Strtturale e Funzionale, Università degli Studi dell'Insubria, Varese, Italy) was screened in two steps, as described previously [17] . Briefly, the first step of the screening was performed by PCR using the following sense and antisense primers on the basis of the identified EST clone: FEst (5 -ATGCCTGGCTACGTCCTC-3 ; sense) and REst (5 -GCATTTTTAGAAAGGATCCTC-3 ; antisense). A PCR product (420 bp) was recovered from the agarose gel using the Geneclean II Kit (BIO 101 Inc.) as described by the manufacturer. The DNA fragment recovered was subjected to a PCR amplification by using as primers FPst (5 -AA-CTGCAGATGCCTGGCTACGTC-3 ; sense) and REco (5 -CGGAATTCGCATTTTTAGAAAGGATCC-3 antisense). Both primers had 5 -recognition sites for the restriction enzymes PstI and EcoRI (underlined). In addition to the template and 200 ng of each primer, the reaction mixture (50 µl) contained 200 µM dNTP mix and 1 unit of Taq Gold polymerase (PerkinElmer Biosystems) in 100 mM Tris/HCl (pH 8.3), 500 mM KCl, 15 mM MgCl 2 and 0.01 % (w/v) gelatin. Reaction mixture was subjected to 1 cycle at 95
• C for 10 min, 6 cycles of amplification (60 s at 95
• C, 60 s at 50
• C and 60 s at 72 • C), followed by 30 cycles of amplification (60 s at 95
• C, 60 s at 55
• C and 60 s at 72 • C). The PCR product was recovered from the agarose gel by using Geneclean II Kit, digested with restriction enzymes EcoRI/PstI and cloned into the EcoRI/PstI sites of the Escherichia coli vector pBluescript SK; the resulting plasmid was named pXlGSTPi. The PCR product was confirmed by DNA sequencing. A DNA probe was prepared from pXlGSTPi with fluorescein using the PCR Fluorescein Labelling Mix (Roche) according the manufacturer's instructions.
The contents of the tube from which the PCR product was generated were plated at approx. 50 000, 5000 and 500 plaque forming units of viral encapsulated DNA for each 150-mm culture plate. Hybridization using the probe, prepared as described above, was performed using Chemiluminescent Detection System (Southernstar TM ; PerkinElmer Biosystems), according to the manufacturer's protocol. Single positive plaques were picked and pBluescript phagemids were excised by the in vivo excision protocol using ExAssist helper phage and E. coli SORL strain (Stratagene). The resulting plasmid, containing the full-length cDNA clone, was named XlGSTPi-pBSK. The DNA insert in pBluescript was confirmed by sequencing. The nucleotide sequence was translated into amino acid sequence and similarities between the primary structures of GSTs were searched using the Swiss-Prot Protein Sequence Data Bank, and protein analyses were carried out using the proteomics tools of ExPASY Data Bank.
Construction of an expression plasmid containing the XlGSTP1 gene
To obtain the direct insertion of the Taq polymerase-amplified PCR product into a plasmid vector for expression in E. coli, we used pTrcHis2TOPO R TA Expression Kits (Invitrogen). Since there are two more amino acids encoded in the DNA between the initiation codon and the TOPO R cloning site to obtain the expression of truly native protein, two oligonucleotide primers were designed as follows: fPi (5 -TACGTCCTCACCTATTTCC-3 ; sense) and rPi (5 -TCACTTTTTGTGTTTGGGGG-3 ; antisense). PCR was performed using XlGSTPi-pBSK as the template, fPi and rPi as primers at a concentration of 200 ng, 200 µM dNTP mix and 1 unit of Taq Gold polymerase in 100 mM Tris/HCl (pH 8.3), 500 mM KCl, 15 mM MgCl 2 and 0.01 % (w/v) gelatin. The reaction mixture (50 µl) was subjected to 1 cycle at 95
• C for 10 min and 30 cycles of amplification (60 s at 95
• C, 60 s at 52
• C and 90 s at 72 • C), followed by 15 min at 72
• C. The PCR product was used immediately in a TOPO R cloning reaction and after 5 min of incubation, as described by the manufacturer, it was used to transform E. coli TOP10 cells. The reliability of PCR amplification was verified by DNA sequencing and the resulting plasmid was named XlGSTPi-TOPO.
To obtain the native protein, the plasmid XlGSTPi-TOPO was used as a template for mutagenesis using the Quick Change Site-Directed Mutagenesis Kit (Stratagene). The double mutation (shown in bold) Ala 2 Leu 3 → Pro 2 Gly 3 was made with the following oligonucleotides: fPro2Gly3 5 -GAGGAATAAAC-CATGCCTGGCTACGTCCTCACCTAT-3 ; rPro2Gly3 5 -AT-AGGTGAGGACGTAGCCAGGCATGGTTTATTCCTC-3 . The fidelity of PCR amplification was verified by DNA sequencing and the plasmid was designed as XlGSTPi-pTrcHis2TOPO.
Expression and purification of recombinant XlGSTP1-1
A single colony of E. coli XL1Blue transformed with XlGSTPipTrcHis2TOPO was removed and grown overnight in LuriaBertani (LB) broth containing ampicillin (100 µg/ml) and glucose (0.5 %). After overnight incubation, the culture was diluted 1:40 in LB broth supplemented with glucose (0.5 %) and ampicillin (100 µg/ml) and grown until D 600 reached 0.6. To induce expression, the cells were harvested by centrifugation (2000 g for 12 min) and resuspended in LB broth without glucose. Isopropyl β-D-thiogalactoside (IPTG) was added to a final concentration of 1 mM, and the incubation was continued for further 5 h at 37
• C. Cells were harvested by centrifugation (15 000 g for 30 min) and cell pellet was frozen at − 20
• C overnight. The frozen bacterial pellet was allowed to thaw at room temperature before being resuspended in 10 mM potassium phosphate buffer (pH 7) containing 1 mM EDTA (buffer A) or 1 mM dithiothreitol (buffer B). The resuspended cells were disrupted by sonication at 4
• C. The insoluble bacterial debris was removed by centrifugation (15 000 g for 20 min at 4
• C) and the resulting supernatant was loaded on to a GSH-Sepharose 6B (Sigma) column equilibrated previously with buffer A. The column was washed overnight with 500 ml of buffer A containing 200 mM KCl (more than 30 times the column volume). The overexpressed protein, which bound to the affinity column, was eluted at 0.5 ml/min with 200 mM Tris/HCl buffer (pH 7.8) containing 50 mM GSH. The protein eluted by GSH was collected, dialysed against buffer B, concentrated and glycerol was added to a final concentration of 15 % (v/v) before being stored at − 20
• C.
Enzyme assay
GST activity with 1-chloro-2,4-dinitrobenzene (CDNB; Aldrich),
, p-nitrophenyl acetate (Serva) and bromosulphthalein (Serva) was measured as described by Habig and Jakoby [18] . The seleniumindependent GSH peroxidase activity of GST was measured with cumene hydroperoxide (Sigma) as reported previously [19] . GST activity toward 4-nitroquinoline-1-oxide (Fluka) was measured as described by Stanley and Benson [20] . Activity with 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole (Sigma) was determined as reported previously [21] . GST activity with allylisothiocyanate, benzylisothiocyanate (Fluka) and phenethylisothiocyanate (Fluka) was measured as described by Kolm et al. [22] . For kinetic determination, CDNB and GSH were held constant at 1 and 2 mM respectively, whereas the other substrates varied (from 0.05-8.50 mM for GSH, and from 0.02-2.00 mM for CDNB). Protein concentrations were calculated by the method of Bradford [23] using γ -globulin as a standard.
Preparation of anti-XlGSTP1-1 antibodies
Approx. 300 µg of recombinant XlGSTP1-1 was injected subcutaneously into a New Zealand White rabbit. After primary immunization, the animal was given additional injections on days 21 and 42, it was then bled 14 days later and the antiserum was used for immunoblotting.
Electrophoresis and Western-blot analyses
For electrophoresis and Western-blot analyses, the cytosolic extracts were prepared as described previously [13] . Total protein extracts (100 µg) of liver, lung, heart, kidney and ovary from adult X. laevis and from embryo stages 11-15 and stages 24-25 were separated on SDS/PAGE [12 % (w/v) gel] and then subjected to Western-blot analysis as described previously [12] .
RNA isolation
X. laevis were anaesthetized by hypothermia and killed by head concussion. Tissues were excised and frozen immediately in liquid nitrogen before being stored at − 80
• C until use. Total RNAs were isolated from liver, lung, heart, kidney and ovary by using the High pure RNA tissue kit (Roche). Samples were loaded on to 1.3 % (w/v) formaldehyde-agarose gel to verify the integrity of total RNAs purified.
RT-PCR
First-strand cDNAs were synthesized using 1 µg of total RNA and the First-Strand Synthesis Kit for RT-PCR (RETROscript TM ; Ambion). For each sample, we used 100 units of Moloney murine leukaemia virus reverse transcriptase and gene-specific reverse primer, according the manufacturer's instructions. The reaction was carried out in 50 mM Tris/HCl (pH 8.3), 75 mM KCl, 3 mM MgCl 2 , 5 mM dithiothreitol, 500 µM dNTP mix and 10 units of placental RNase inhibitor at 37
• C for 50 min, followed by 10 min at 90
• C. The following primers were used: Pirev (5 -TCACTTTTTGTGTTTGGGGG-3 ) for XlGSTP1-1; and Murev (5 -TTATTTTTTGTTGCCCCAGG-3 ) for XlGSTM1-1 [15] .
PCR amplifications of the resulting cDNAs were performed by using the following sense and antisense oligonucleotides as primers: FEst and REst for Pi-class GST cDNAs, and Fmu (5 -AT-GGTGGTGATACTAGGATACTGG-3 ) and Rmu (5 -AAATT-TCTGAAGCCAAGTGGGATC-3 ) for XlGSTM1-1. Reverse primers, REst for XlGSTP1-1 and Rmu for XlGSTM1-1, were annealed to internal sequence of cDNAs. PCR amplifications were performed using 1-4 µl of synthesis mix (from a total volume of 20 µl), 200 ng of each primer, 200 µM dNTP mix and 1 unit of Taq Gold polymerase in 100 mM Tris/HCl (pH 8.3), 500 mM KCl, 15 mM MgCl 2 and 0.01 % (w/v) gelatin. The reaction mixture was subjected to a cycle at 95
• C for 10 min, followed by 30 cycles of amplification (60 s at 95
• C and 60 s at 72 • C), as described by the manufacturer of the Taq polymerase. PCR amplification products were verified on an agarose gel.
Mutagenesis of the XlGSTP1 gene
The plasmid XlGSTPi-pTrcHis2TOPO, carrying the XlGSTP1 gene, was used as a template for mutagenesis using the Quick Change Site-Directed Mutagenesis Kit (Stratagene His) was made with fP208H (5 -AAACGGCCTATCACCACAAACAC-AAAAAGTGA-3 ) and rP208H (5 -TCACTTTTTGTGTTTGT-GGGTGATAGGCCGTTT-3). The clones used for the production of all mutants were confirmed by DNA sequencing. E. coli XL1Blue cells transformed by the XlGSTPi-pTrcHis2TOPO mutants were induced by IPTG under the same conditions as for cells transformed by XlGSTPi-pTrcHis2TOPO wild-type. The crude extracts were loaded on to GSH-Sepharose 6B (Sigma) columns.
RESULTS AND DISCUSSION

Molecular cloning, heterologous expression and tissue distribution of XlGSTP1-1
Analysis of X. laevis EST database revealed the presence of a partial cDNA from embryo (GenBank R accession number BG554378) encoding a Pi-class GST fragment. In order to identify the complete cDNA encoding this Pi-class GST, two oligonucleotides were designed and a partial XlGSTP1 cDNA was obtained by PCR amplification of a liver tumour cDNA library. The PCR product was cloned in pBluescript, sequenced and found to encode a partial protein closely related to the GSTs within the Pi-class. This PCR product was then used to screen the liver tumour cDNA library. Several cDNA clones were isolated and an insert of 918 bp was sequenced. The nucleotide sequence of this clone, including the 5 -and 3 -untranslated regions, is shown in Figure 1 . The translation termination codon TGA is followed downstream by two conventional polyadenylation signals AATAAA (Figure 1) . The sequence contains an open reading frame that encodes a protein of 212 amino acids with a calculated molecular mass of 24 428 Da. A comparison of the deduced amino acid sequence of X. laevis GST with other mammalian and amphibian Pi-class GSTs is shown in Figure 2 . The highest identity (57 %) was found with the amphibian BbGSTP2-2 [11] and, according to the guidelines adopted for GST nomenclature [16] , the protein was designated as XlGSTP1-1. RT-PCR was performed to investigate the presence of the XlGSTP1 transcript during embryo development as well as in different adult tissues. XlGSTM1-1 [15] was used as a positive control to evaluate the sensitivity of the method (results not shown). Figure 3 shows that a 420 bp product corresponding to XlGSTP1-1 was present in embryos, but not in the unfertilized eggs, liver, lung, heart, kidney and ovary. Moreover, the data obtained by Western-blot analysis were in agreement with those obtained by RT-PCR (results not shown). In fact, the protein was detected only in the crude extracts obtained from the embryo at stages 11-15. These findings indicate that XlGSTP1-1 is not expressed in amphibian adult life. These results, in addition to the fact that the cDNA coding for XlGSTP1-1 was obtained from a liver tumour cDNA library from X. laevis, support further the notion that the isoenzymes belonging to Pi-class in amphibia, as in mammals [24] , might be associated with cellular proliferation.
Biochemical characterization of XlGSTP1-1
To investigate the physico-chemical properties of this previously uncharacterized protein and to confirm its GST activity, the entire open reading frame was subcloned into an expression vector. A culture of E. coli XL1Blue containing the plasmid was induced by IPTG. The supernatant from this cell extract overexpressed a protein having a molecular mass of approx. 24 000 Da (Figure 4) . Subsequently, the overexpressed protein was purified by using GSH-affinity chromatography [25] . The yield of cloned enzyme was approx. 11 mg/litre of culture, sufficient to allow for its characterization. The recombinant purified protein had an apparent molecular mass of 24 000 Da as measured by SDS/PAGE, consistent with the predicted molecular mass (24 428 Da) calculated on the basis of its amino acid sequence. The purified enzyme was unstable when stored at room temperature and at concentration of less than 0.6 mg/ml. Under these conditions, a rapid loss of its enzymic activity occurred. To avoid enzyme inactivation during kinetic measurements, 80 µg of BSA was added to the standard assay mixture and no loss of enzymic activity was observed. The substrate specificity of recombinant XlGSTP1-1 towards several commonly used electrophilic substrates was determined and the results are summarized in Table 1 . Recombinant XlGSTP1-1 was very active towards CDNB. In fact, it appears to be the most active GST described to date with this electrophilic substrate (1310 µmol/min per mg of protein). The enzyme also had potent activity towards organic isothiocyanates, but was unable to catalyse the isomerization of 5 -androstene-3,17-dione. Unlike other Pi-class GSTs [2, 26, 27] , recombinant XlGSTP1-1 lacked detectable activity towards 1,2-dichloro-4-nitrobenzene, p-nitrobenzylchloride, tPBO and ethacrynic acid, but possessed the ability to catalyse the reduction of cumene hydroperoxide. The reaction of the Pi-class GST with ethacrynic acid is considered a characteristic feature of this family of isoenzymes [1, 2] . It has been demonstrated that the conserved residue Tyr 111 (the amino acid residue numbering is assigned on the basis of XlGSTP1-1 primary structure), located in the H-site of Pi-class GST, plays a key role in the conjugation of GSH to ethacrynic acid [28, 29] . In XlGSTP1-1, Phe 111 is present instead of Tyr 111 and this can explain its inability to catalyse the addition of ethacrynic acid to GSH. As shown in Table 1 , mutation of Phe 111 to Tyr 111 allowed XlGSTP1-1 to acquire the capacity to conjugate ethacrynic acid as well as tPBO to GSH but, at the same time, significantly compromised the catalytic feature of the amphibian enzyme. It is interesting to note that this point mutation produces an enzyme which has totally lost the capacity to conjugate the carcinogenic compound 4-nitroquinoline-1-oxide. Thus the single point mutation of Phe 111 to Tyr 111 , resulting in only a change in hydrophobicity of the residue, seems to play a role in altering the substrate specificity of amphibian XlGSTP1-1 compared with mammalian Pi-class GSTs. On the other hand, there are two other non-conserved H-site-defining residues in XlGSTP1-1, Thr 207 and Pro 208 , that could also play an important role in determining the specificity of this enzyme. It has been suggested [30] that the flexibility of the C-terminal tail, which is an important factor in determining the CDNB-conjugation capacity of mammalian Pi-class GSTs, is partly controlled by a hydrogen bond formed between the amide nitrogen of Gly 208 and the hydroxy group of Tyr 111 . In XlGSTP1-1, this hydrogen bond cannot be formed, due to the presence of Phe 111 and Pro 208 . Thus the relatively high CDNB-conjugating activity measured for XlGSTP1-1 (Table 1) may be due to the high flexibility of its C-terminal tail. On the other hand, Pro 208 as well as Phe 111 are important residues for Table 1 ). The fact that these residues are important for the activity of XlGSTP1-1 is also supported by the results obtained by measuring the capacity of E. coli-carrying genes coding for wild-type and mutant XlGSTP1-1 to grow in vivo [31] in the presence of CDNB. In fact, the growth of E. coli carrying wild-type XlGSTP1-1 in the presence of CDNB was inhibited, whereas E. coli carrying Phe 111 Tyr, Pro 208 His or Pro 208 Gly mutant genes were able to grow ( Figure 5) . A comparison of the primary sequence of XlGSTP1-1 with those of mammalian Pi-class GSTs (pig, mouse and human) XlGSTP1-1 activity was tested in vivo as described by Lee et al. [31] . The molecular basis of this test relies on the fact that CDNB, the common substrate for GSTs, also has antibiotic activity [37] . This activity is enhanced when E. coli expresses a functional GST [31] . Bacteria (E. coli XL1Blue) expressing wild-type or mutant enzymes are indicated as follows: 1, pTrcHis2TOPO vector alone; 2, XlGSTPi-pTrcHis2TOPO wild-type; 3, XlGSTPi-pTrcHis2TOPO Phe 111 Tyr mutant; 4, XlGSTPi-pTrcHis2TOPO Pro 208 Gly mutant; and 5, XlGSTPi-pTrcHis2TOPO Pro 208 His mutant. Left-hand panel, one loopful of overnight culture was evenly streaked on to an LB agar plate containing 100 µg/ml ampicillin alone to serve as a control for normal growth. Right-hand panel, one loopful of overnight culture was evenly streaked on to an LB agar plate containing 100 µg/ml ampicillin and 20 µg/ml CDNB. Plates were incubated overnight at 37 • C.
shows that XlGSTP1-1 differs in some places. In particular, in the region between residues 40 and 50, there is an insertion of four residues in X. laevis (serine, glycine, lysine and aspartate) when compared with the pig sequence [32] and of two residues (lysine and aspartate) when compared with the human [33] and mouse [24] sequences. This amino acid insertion encompasses the 3 10 B region that joins the α2 helix and β3 sheets of domain I. Important GSH-binding residues are located within this region [34] . Thus the insertion of the four residues in the structure of XlGSTP1-1 might result in a different structural arrangement of this protein, which may consequently produce a different GSH-binding capacity. In this context, it is interesting to note that the K m value of XlGSTP1-1 for GSH (2.17 mM) is relatively higher than that found for the mammalian Pi-class enzymes [35, 36] . Furthermore, the absence of the conserved Cys 49 in XlGSTP1-1 (replaced by Ala 49 ) may also contribute to lower its affinity for GSH. In fact, an increase in the K m value of hGSTP1-1 for GSH (from 0.15 mM to 0.87 mM) occurs when the conserved residue Cys 49 is replaced by Ala 49 [35] . On the other hand, as opposed to the mammalian enzymes, the K m value of XlGSTP1-1 for CDNB (0.27 mM) is significantly lower than that reported for mammalian GST.
Conclusions
The present study describes the cloning and characterization of a novel Pi-class GST from X. laevis designated as XlGSTP1-1. This enzyme has higher catalytic activity with CDNB than any other GSTs reported to date. Site-directed mutagenesis shows that its high activity is linked to Phe 111 , which is an activesite residue based on X-ray structures of related GSTs. Tissuespecific expression of XlGSTP1-1 suggests that it is correlated with cellular proliferation.
